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(54) Polymer fiber optical transmission system 

(57) We have determi ned that unl Ike tlie most multi- 
mode silica fiber. multinxxJe polymer f toer often exhibits 
a delay characteristic that has a broad low dispersion 
region where propagation delay of spatially restricted 
optical pulses remains relatively constant. This low dis- 
persion region is centered around the center axis of the 
fiber core as a function of launch position. By directing a 
transmitted optical pulse to this region, we have deter- 
mined that optical pulse dispersion can be significantly 



reduced without the need for using the prior art tech- 
nique of using a single mode fiber spliced in series with 
the muttimode fiber to reduce dispersion. A polymer 
fber based optical transmission system using this 
arrangement exhibits relaxed alignment tolerances 
between the optical source and polymer fiber, while 
reducing dispersion and irKreasing t>andwtdth -length 
product. 
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Description 

Technical Field of the Invention 

[0001] This invention relates to a method and appa- 
ratus for increasing the capadty of lightwave transmis- 
sion systems and. more particularly, to a method and 
apparatus for reducing the complexity and costs of pol- 
ymer optical fiber based lightwave systems. 

Background of the Invention 

[0002] TTiere has been continued development of 
communication links to interconnect a computer to other 
computers, peripheral equipment, local area networks, 
the internet etc. These communication links typically 
use copper cable, optical fiber, or wireless as the trans- 
mission medium. Because of bandwidth, cost, and inter- 
ference concerns, optical fiber has become one of the 
preferred mediums of choice. Because of lower connec- 
tion costs and robustness, multi-mode glass fiber had 
become more desirable than single mode glass fiber 
Illustrative of such multi-mode optical communication 
links is the lightwave transmission system described in 
U. S. patent 5.416,862. issued to Haas et al. on May 16. 
1995. and entitled "LIGHTWAVE TRANSMISSION 
SYSTEM USING SELECTED OPTICAL MODES." 
Shown in Fig. 1 is an illustrative multi-mode optical ftoer 
system similar to that disclosed in the patent. To 
increase the capacity of the multi-mode optical fiber 
system, a single-mode fiber 104 is connected through a 
coupler 105 to the multi-mode ftoer 107. The coupler 
1 05 is used to selectively propagate only higher-order 
modes over the mufti-mode fiber 107. Other arrange- 
ments splice the single-mode fiber 104 to the multi- 
mode fiber 107 to facilitate the launching of only the 
lower-order modes over the multi-mode fiber 107. 
[0003] In an effort to further decrease costs, poly- 
mer (plastic) optical fiber (hereinafter also referred to as 
POF) has been developed for use In optical transmis- 
sion systems. Because of its large diameter polymer 
fiber also promotes multi-mode transmission. However, 
because of its relatively high transmission loss charac- 
teristics and its less-desirable transmission wavelength, 
about 650 nm, polymer fiber has typically only been 
used in short distance applications. Recently, POF have 
also been proposed for use in optical transmission sys- 
tems. An illustrative system is described in the article by 
H. Imai entitled "APPLICATIONS OF PERFLUORI- 
NATED POLYMER FIBERS TO OPTICAL TRANSMIS- 
SION." published on Sep. 22. 1997 in Proceedings of 
Seventh International Plastics Optical Rber Confer- 
ence, pp. 29-30. Rgure 1 is a simplified representation 
of the PF ftoer t>ased optical system described in the 
Imai article. Again a single-rrKxle fiber 104 is connected 
in front of the POF 1 07 and is used to selectively propa- 
gate only lower-order mode transmission over the multi- 
mode POF 



[0004] While the above article illustrates that signif- 
icant improvements have been made in the use of POF 
in optical transmission systems, there is a continuing 
need to simplify such systems and to make them more 
5 cost effective. 

Summary of the Invention 

[0005] In accordance with the present invention, we 
10 have determined that unlike other silica ftoer, some pol- 
ymer fiber. POF, exhibits a delay characteristic that has 
a broad low dispersion region or "sweet-spot" where 
propagation delay of a spatially restricted optical pulse 
remains relatively constant as a function of injection 
15 position. This sweet-spot is centered around the center 
axis of the fiber core. By directing a transmitted optical 
pulse to this region, we have determined that optical 
pulse dispersion can be significantly reduced without 
tine need for using the prior art technk|ue of using a sin- 
so gle mode ftoer spliced in series with the POF to reduce 
dispersion. A polymer fiber based optical ft-ansmission 
system using this arrangement exhibits relaxed align- 
ment tolerances between the optical source and poly- 
mer fiber, while reducing cfispersion and increasing 
25 bandwidth-length product. 

[0006] More particularly, our inventive optical trans- 
mission apparatus comprises an optical signal restric- 
tion device for coupling a received optical signal to a 
predefined central region of a core region of a polymer 
30 ftoer which has an approximately flat delay characteris- 
tic throughout that central region. 
[0007] According to our method, an optical signal is 
transmitted over an polymer fiber by focussing the opti- 
cal signal to a spot of predefined diameter and coupling 
35 the optical signal spot to a predetermined central region 
of a core region of the polymer fiber which exhibits an 
approximately flat delay characteristic throughout the 
central region. 

^ Brief Description of the Drawing 

[0008] In tile drawing. 

Fig. 1 shows an illustrative block diagram of a prior 
45 art multi-mode fiber based optical ti-ansmission sys- 
tem; 

Rg. 2 shows, in accordance with the present inven- 
tion, an illustrative block diagram of our improved 
50 polymer ftoer based optical transmission system; 
and 

Rg. 3 shows an illustrative diagram of the delay 
characteristics in the core region of the polymer 
55 ftoer. 
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Detailed Description 

[0009] In the fd lowing description, each item or 
block of each figure has a reference designation associ- 
ated therewith, the first number of which refers to the fig- 
ure in which that item is first described (e.g., 101 is first 
desaibed in FIG. 1). 

[0010] Fig. 1 shows an illustrative block diagram of 
a prior art optical transmission system that utilizes a pol- 
ymer fitter 1 07. The polymer fiber with a graded-index 
has been shown to exhibit low wavelength loss at the 
desirable laser wavelength of 1 .3 iim. Illustratively, the 
polymer fiber 1 07 may be of the same type as used in 
our Fig. 2 system, namely, graded-index perftuorinated 
plastic optical fiber. 

[0011] As shown in Rg. 1. a modulated optical 
source 101. such as a Fabry-Perot laser diode, is cou- 
pled through a launch restriction device 102 to a single- 
mode glass (SM) optical fber 104. Iltustrativety for our 
discussion, we assume that the optical source 101 is a 
1.3 ^m Fabry-Perot laser diode and that the launch 
restriction device 1 02 is a t>all lens. The SM fiber 1 04 is 
coupled or spliced 1 05 to the polymer f toer 1 07. The sin- 
gle- nvxie fiber 104 facilitates selective launching of 
lower-order modes to the polymer fiber 107. The output 
of the polymer fiber 107 is coupled via a lens 108 to 
another SM fber section 109. The single-mode fiber 
109 filters out any undesirable higher-order modes from 
the desired lower-order modes. A detector 103 receives 
and demodulates the lower-order mode based optical 
signal received over from SM fiber 109. The lens 108 
may be a hemisphericat-ended lens and the detector 
1 08 may be an avalanche photodiode (APD). 
[0012] In operation, the laser signal from source 
101 is focussed by ball lens 102 to a predefined diame- 
ter spot 1 03 which is less than or at>out the same size 
as the core diameter 104a of the SM fber 104. Since 
the SM fiber 104 and the polymer fber 107 have the 
same outside diameter, it is relatively easy to splice 
them together so thiat the core 104a of SM fiber 104 
aligns with the center of core I07a of polymer fit>er 1 07. 
Typically, the diameter of core 104a of the SM fber 104 
is atx>ut 50 Jim and the core 1 07a of the polymer fiber 
107 is about 120nm to 1mm. DisadvarrtageousJy, there 
may be a significant splicing or coupling loss, of about 1 
dB, between the SM fber 104 and the polymer fber 
107. 

[0013] Multi-mode fibers, such as polymer fber 
1 07, suffer from a phenomenon known as "modal dis- 
persion." This modal dispersion is caused when the 
input optical signal pulse from the source excites multi- 
ple modes of the polymer fiber 107. These multiple 
modes travel at different velocities in polymer fiber 1 07 
and cause the pulse to disperse or spread as it propa- 
gates down the fiber. This spreading of the pulse 
imposes a limit as to how close adjacent pulses can be 
sent over the polymer fiber and. hence, reduces the 
maximum data rate that can be sent over the polymer 



fber. Since pulse dispersion increases with distance a 
t>andw)dth-distance" product is used to determine if a 
particular transmission system is suitable for a particu- 
lar apF>lication. 

5 [0014] Since a SM fit>er 104 confines the optical 
signal to a small area, it may be used to facilitate the 
launch of lower-order modes into the polymer fber 107. 
The term "lower-order" modes means that most of the 
optical energy is localized in the central region of the 

10 fber core. The term "higher-order" modes means that 
most of the optical energy is outside the central region 
of the fber core. 

[0015] With reference to top of Fig. 3, there is 
shown a cross-section of a core region 304 of a typical 

15 polymer fiber. The lower part of Fig. 3 shows the typical 
variation of the delay characteristic 301 , across the core 
region 304, that is exhbited by polymer f bers. It should 
be noted that all graded index fibers have a nominally 
parabolic index profile, but their delay characteristics 

20 are not typically parabolic. Delay characteristics depend 
on rwrvtdealities of the profile arri on nxxJe coupling. As 
shown, the delay changes as one moves radially out- 
ward from the center of core 304. Because the delay 
greatly varies across the core region 304 significant 

25 pulse dispersion will result between the lower-order 
modes that travel in the central region 303 and the 
higher-order modes that travel outside the central 
region 303. In the Rg. 1 prior art arrangement, elimina- 
tion of the higher-order ntodes by single mode fibers 

30 104 arKi 1 09 reduced the dispersion spread in the prop- 
agating pulse (since only the lower-order modes 
remains). Thus, reducing the range of modes that are 
being propagated reduces the dispersion in the propa- 
gating pulse. This reduced dispersion increases the 

35 data transmission rate of the system. 

[0016] In accordance with the present invention, we 
have discovered that unlike silica fiber, the polymer 
fber, when operated at an optical wavelength of 1 .3^, 
exhibits a delay characteristic 302 that has a broad and 

40 relatively flat region or "sweet-spot" 303. This sweet- 
spot (also refened to as a low-dispersion region) 303 is 
a region centred around the longitudinal axis of the 
fber core 304. We have noted that the "diameter" of the 
low-dispersion region 303 is, typically, a significant part 

45 of the diameter (e.g., about half) of the core 304. We 
have determined that by directing the transmitted optical 
pulse to this region 303, the resulting dispersion of the 
lower-order modes will be significantly reduced over 
that of the polymer fber characteristic 301 . As a result, 

50 the broadening of the received optical pulse is mini- 
mized. Thus, using this approach, we eliminate the 
need for the single-mode fber sections 1 04 of Rg. 1 to 
filter out the higher-order nrodes. While we have used a 
1 .3 um wavelength laser signal for our measurements of 

55 Fig. 3. other wavelengths within the 0.5 to 1 .3 um oper- 
ating range of polymer fiber could also be utilized, as 
long as they are coupled to the sweet-spot of the poly- 
mer fber. 
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[0017] With reference to Fig. 2 there is shown, in 
accordance wfth the present invention, an illustrative 
block diagram of our improved POF fiber based optical 
transmission system. As shown, the system includes all 
of the elements from Fig. 1 except that no SM fiber seg- 5 
ment 104 is utilized. The optical signal source 101 is 
coupled via lens 202 to the sweet-spot 203 of core 107a 
of polymer fiber 1 07. Since the sweet-spot for a polymer 
fiber, with a core diameter of 250jim, is on the order of 2. 
120 urn, it is significantly greater that the 50 nm core w 
diameter of the SM fiber 104. Thus, the lens 202 can 
have a reduced alignment and focussing requirement 3. 
with the PF fiber 1 07. Since the sweet-spot of 1 20 is 
over haH the core diameter, transmission capacity can 
remain high even if the optical signal (about 50 ^m ) is 15 4. 
somewhat off center. Thus, other types of focussing 
devices 202 may be used, such as multiple lens sys- 
tems. At the receiver 210. illustratively, an avalanche 
photodiode detector (APD) with a built in lens may be 
used as the lens 209 and detector 21 1 of Fig. 2. Obvi- 20 
ously other types of optical detectors can also be used 
in receiver 210. Moreover, since APDs have diameters 
on the order of the diameter of the sweet-spot, it may be 
possible to eliminate the lens 209 and directly abut the 
APD to the sweet-spot i.e.. at the center of core 304. 2s 
[0018] Using the optical transmission system 
arrangement of Rg. 2 we have significantly increased 
the bandwidth-length product over prior art systems that 
use plastic fiber in the arrangement of Fig.1. Additon- 
ally. because our PF fiber based transmission system 30 
does not require any sections of SM fiber 104 the 
arrangement is reduced in complexity and cost in com- 
parison to the prior art POF based transmission sys- 
tems. Moreover, a polymer fiber based optical 
transmission system using our arrangement exhibits 35 
relaxed alignment tolerances between the optical 
source and the polymer fiber, while also reducing dis- 
persion and increasing bandwidth-length product. While 
we have noted that a sweet-spot also exists in multi- 
mode glass fibers, it is much smaller in size thereby 40 
reducing the possibility of practical use of our technique 
in multi-mode glass fiber based systems. 
[001 9] What has been described is merely illustra- 
tive of the application of the principles of the present 
invention. Thus, it should be understood that optical 45 
source 101 could also be a Light emitting diode (LED) 
rather than a Faby-Perot laser diode. Additionally, the 
launch restriction device 102 can be other than a ball 
lens. Moreover, the ball lens 102 may be mounted or 
packaged as part of the laser diode 101 . Hence, other so 
arrangements can be implemented by those skilled in 
the art without departing from the spirit arxi scope of the 
present invention. 

Claims 

1 . An optical transmission apparatus comprising 



a length of polymer fber and 

an optical signal restriction device for coupling 
a received optical signal to a predefined central 
region of a core of the polymer fiber which has 
an approximately flat delay characteristic 
throughout the central region. 

The apparatus of claim 1 wherein the polymer fiber 
is a perf luorinated polymer fiber. 

TTie apparatus of claim 1 wherein the optical signal 
restriction device is a ball lens. 

The apparatus of claim 1 wherein the optical signal 
restriction device is aligned with the longitudinal 
axis of the polymer f toer. 

The apparatus of claim 1 further including an opti- 
cal signal source for generating the received optical 
signal and wherein Une optical signal restriction 
device is mounted to the optical signal source. 

The apparatus of claim 1 wherein the diameter of 
tiie predefined cerrtral region is a significant fraction 
of the diameter of the core. 



7. The apparatus of claim 1 further comprising 

a receiver for selectively detecting optical sig- 
nals received in the predefined central region 
of the core. 

8. The apparatus of daim 6 wherein the receiver 
includes an avalanche photodiode which atxits the 
cerrtral region of the core. 

9. The apparatus of claim 1 further comprising 

an optical laser or LED source for originating 
the optical signal. 

10. A method of transmitting an optical signal over a 
polymer optical fiber comprising the steps of: 

focusing an optical signal to a predefined diam- 
eter spot and 

coupling the predefined diameter optical signal 
spot to a predetermined central region of a 
core region of the polymer optical fiber which 
exhibits an approximately flat delay character- 
istic throughout that central region. 



55 11. The method of claim 10 further comprising tine step 
of 

at a receiver location, selectively detecting opti- 
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ca! signals received in the predefined central 
region of the core. 

12. The apparatus of claim 10 wherein the polymer 
fiber is a pert luorinated polymer fiber. s 
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(54) Polymer fiber optical transmission system 

(57) We have determined that unlike the most mul- 
timode silica fiber, muttlmode polymer fiber often exhib- 
its a delay characteristic that has a broad low dispersion 
region where propagation delay of spatially restricted 
optical pulses remains relatively constant. This low dis- 
persion region is centered around the center axis of the 
fiber core as a function of launch position. By directing 
a transmitted optical pulse to this region, we have de- 



termined that optical pulse dispersion can be significant- 
ly reduced without the need for using the prior art tech- 
nique of using a single mode fiber spliced in series with 
the mullimode fiber to reduce dispersion. A polymer fib- 
er based optical transmission system using this ar- 
rangement exhibits relaxed alignment tolerances be- 
tween the optical source and polymer fiber, while reduc- 
ing dispersion and increasing bandwidth-length prod- 
uct. 
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